We have shown theoretically that the read-out of a single electron spin is viable through resonant escitation of a trion with circularly polarized light, and suggest a feasible protocol for the spin initialization. An electron spin in a single quantum dot (QD) could be used as a solid state Q-bit if certain requirements are met [l]. An optical based computation scheme is of special interest because of the large number of operations that could be carried out using ultrafast laser technology, and because of the power of optical selection rules to measure and control spin. We consider here feasible protocols for optical read out and initialization of an electron spin in a single quantum dot.
[l]. An optical based computation scheme is of special interest because of the large number of operations that could be carried out using ultrafast laser technology, and because of the power of optical selection rules to measure and control spin. We consider here feasible protocols for optical read out and initialization of an electron spin in a single quantum dot.
The optical excitation of the charged dots leads to the formation of a trion that consists of two electrons sitting at the same quantum level and a hole (see Fig.1 ). The ground trion state is characterized by the hole +3/2 spin projection along the shortest axis of disk-shaped dots [2] . The +3/2 (-3/2) trion state created by 0 ' ' ( 0 ' ) polarized light from the 112 (-1/2) electron spin state decays spontaneously, emitting photons with polarization uniquely determined by the initial electron spin projection The rate of emitted photons, however, can not exceed UT,, where z, is the trion lifetime; and the electron spin relaxation time, z , , limits the measurement time of the photoluminescence with a given polarization (z,/z,GO even for very optimistic estimations).
We explore this problem using the time dependent density matrix approach for the four level system shown in Fig. 1 . The electron spin can change its direction due to its interaction with the hyperfine field of nuclei [3] , while the hole can change its spin projection as a result of phonon-assisted spin-flip transitions. The calculations show that at resonant escitation conditions the electron spin relaxation is suppressed by the strong interaction of the electron with light and z, can be written:
where A is the energy of the electron spin interaction with the nuclear hyperfine field and 0, is the Rabi frequency. This allows us to measure optically the electron spin state in a single QD.
The combined effect of 7t-optical pulses and transverse magnetic field (TMF) can be used for initialization of electron spins in QDs. A sequential action of optical and magnetic n-pulses is the simplest protocol for electron spin QTuK4 initialization. For example, the CT' polarized optical n-pulse creates the -312 trion state from the -1/2 electron state.
The TMF does not affect the uion because the +3/2 heavy holes have zero g-factors in the plane of the quantum well. The TMF n-pulse flips the spins of the remaining electrons with the 1/2 spin that are not effected by CTpolarized light. The 100% electron spin polarization is achieved after trion relaxation to the ground state. The duration of the magnetic x-pulse should be shorter than the lifetime of the trion.
The high degree of electron spin polarization can be also achieved applying a permanent TMF and optical npulses with repetition rate equal to l/T1 = nC2 where n=1,2,. . . , and 52 is the frequency of the electron paramagnetic resonance. Fig.2 shows that the spin polarization degree reaches 95% after 6 pulses. This result indicates that the proposed procedure is an efficient method of spin polarization.
